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Due to the availability, non-toxicity and cost-effectivity, natural dyes are 
becoming popular day by day. This study explains the fabrication method 
of dye-sensitized solar cells (DSSCs) using natural dyes containing an-
thocyanins extracted from pomegranate, blackberry and beetroot. Doctor 
blade method was employed to prepare TiO2 film as photoanode on FTO 
glass. The structural and morphological properties of photoanode was 
studied using X-ray diffraction (XRD) and Scanning Electron Microscopy 
(SEM), respectively. The extracted dye absorption was evaluated by UV-
Vis-NIR spectroscopy. The fabricated cells have efficiency in the range of 
0.015-0.042% which has been measured by sun simulator.
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1. Introduction 
The replacement of fossil fuel with renewable ener-gy sources is extremely needed in this time in or-der to reduce global warming which causes climate 
change. Also, the storage of fossil fuel supply is decreas-
ing every year. Solar energy is an alternative unlimited 
energy source which can be utilized to generate electricity. 
Dye Sensitized Solar Cell (DSSC) is the third-generation 
photovoltaic solar cell which has achieved huge attention 
in recent years. Grätzel is the pioneer of DSSC fabrica-
tion [1]. DSSC is actually bio mimicry of light dependent 
photosynthesis process of plants and uses artificial photo-
synthesis method. Photosynthesis is the process used by 
plants to convert light energy into chemical energy. The 
similar principle applied in the construction of Dye Sensi-
tized Solar Cell (DSSC) [2]. 
Figure 1. Schematic Representation of Dye Sensitized 
Solar Cell
The schematic representation of dye sensitized solar 
cell is demonstrated in Figure 1. In the dye sensitized solar 
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cell, the semiconductor layer with large band gap acts as 
photoanode. After photo excitation, dye molecules infuse 
excited electrons into the conduction band of the nano-
structured film and get oxidized. The injected electron 
is then transported to the external circuit. By collecting 
electrons from the electrolyte, the oxidized dye molecules 
get revived. Therefore, I- ion then become I-3.  Then the I-3 
reduced back to I- ion by gaining electrons from external 
circuit [3,4].  There are different developed techniques for 
photoanode deposition, such as sol gel [5], Hydrothermal 
[6], Solvothermal [7], Spin Coating Deposition [8,9], Doctor 
Blade Method [10], screen printing method [11]. TiO2, ZnO, 
Nb2O5, SnO2 are used as photo anodes 
[12-15]. However, 
SrCO3, Al2O3, La2O3 etc. can be acted as insulating layer 
to prevent charge reassemble and improve power conver-
sion efficiency [16-18]. Different types of natural and syn-
thetic dyes are used as sensitizers [19-22]. The inexpensive 
natural dyes are more attractive compared to the synthetic 
dyes, because, they are abundant in supply and environ-
mentally friendly. On the other hand, synthetic dye is very 
costly though the performance of DSSC using synthetic 
dye showed the higher efficiency. The red ox electrolyte 
reestablishes the initial state of the dye consequently [4]. 
The iodide triiodide (I3¯/I¯) electrolyte is a ubiquitous 
redox transporter.  The ability to reform dye by quick 
oxidation of I¯ at the photo anode/electrolyte terminal 
and high charge collection by slow reduction of I3¯ at the 
electrolyte/counter electrode terminal has made this elec-
trolyte ideal for DSSC. It is also very attractive because 
of its good penetration, cost effective and better sustain-
ability[23]. The counter electrode accumulates charges from 
the exterior circuit and injects back to the circuit loop in 
the cell. Highly conductive and very stable materials are 
strongly recommended as counter electrode materials [24]. 
The most popular counter electrodes for DSSC are Pt, Au 
and Ag. Moreover, several kinds of inorganic compounds, 
composites are also used as counter electrode because of 
the expensiveness of the noble metals. 
Many researches have been established upon the differ-
ent layers in order to escalate the performance of the DSSC 
solar cell. In this work, DSSC has been prepared using 
natural dye extract from blackberry, beet and pomegranate. 
These dyes have been selected, because they are easily ob-
tainable in the regional market and they are cost effective. 
The dye absorption spectrum, structural, morphological 
property of TiO2 and DSSC efficiency has been then inves-
tigated.
2. Experimental 
2.1 Preparation of TiO2 Film
Figure 2. TiO2 film preparation method
Since the photo-anode generates charge and process to 
transfer, so, it is very important part in DSSC. In this 
research, TiO2 film was prepared by using doctor blade 
method. At first, TiO2 powder was grinded for 1 hr in a 
mortar. HNO3 (1:1) was dropped into the powder and 
mix it vigorously. FTO glass with resistance less than 10 
ohm was ultrasonically cleaned in ethanol and acetone. 
The obtained TiO2 paste was spread onto clean FTO glass 
by glass stirring rod. The samples were dried at room 
temperature for 30 min. The TiO2 coated FTO was then 
annealed at 450°C for 30 min due to remove organic sub-
stances from the samples and make it crystalline. As the 
temperature is less than 700°C, the prepared TiO2 film is 
expected to form anatase [25]. Annealing of this film can 
improve surface morphology and crystallinity. After an-
nealing, the film coated with TiO2 is ready to absorb the 
dye solution. 
2.2 Dye Extraction
Figure 3. Dye extraction from different fruits
Natural dye including anthocyanin is used as sensitiz-
er in DSSC. This compound is present in many flowers, 
leaves and fruits. In this experiment, three different types 
of dyes were extracted from blackberry, pomegranate and 
beet root which is shown in Figure 3. These raw materi-
als were collected from the local market and washed to 
reduce the dust particles. Here, we used only the skin for 
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blackberry. By using mortar, the pure juice was extracted 
from blackberry skin. Similar procedures were applied for 
pomegranate except the grinding method (hand grinding 
method was applied). Beet root is little bit hard and to ex-
tract the dye, DI was used to blend in the ratio of 1:1. The 
extracted dye was filtered through net and then filter paper 
to obtain clear dye. TiO2 films were dipped into the ex-
tracted dye for overnight. It was covered with aluminum 
foil and kept in dark places.
Figure 4. Electrolyte, counter electrode and assembled 
DSSC
2.3 Assemble of Dye Sensitized Solar Cell 
After whole night absorption the film was rinsed with 
DI water to remove unabsorbed dye and other remains 
which present on the surface. Then it was dried in air. 
At the same time, another FTO glass was cleaned and 
conductive side of the glass was coated by carbon with 
the assist of 10B pencil which acts as counter electrode. 
Due to assembly of DSSC, TiO2 coated glass slide which 
was immersed in dye was set in face to face with carbon 
coated glass slide. The two electrodes were assembled to-
gether using binder clips by keeping electrical contacts in 
both sides. To prepare the electrolyte solution Potassium 
Iodide, Iodine and Ethelene Glycol have been used. 0.5M 
KI and 0.05M I2 was dissolved in Ethelene Glycol solvant 
and stirred for 30 minutes in a magnetic stirrer. This elec-
trolyte Iodolite solution was introduced between two elec-
trodes and penetrated into the cell. The assembled DSSC 
is shown in Figure 4.   
3. Result and Discussion
TiO2 nano-crystalline semiconductor film was deposited 
onto FTO glass by doctor blade method and annealed at 
450°C in a furnace. The thickness of the film was mea-
sured by surface profilometer and which was 18 nm. To 
observe the crystalline structure, XRD patterns of the TiO2 
layer is shown in Graph 1. The film is polycrystalline and 
anatase phase of TiO2 which satisfy the standard data of 
JCPDS card no. 21-1272. The strong diffraction peak ap-
pears of (101) at 25.5°. The others peak position at 38°, 
48°, 54°, 56°, 63° corresponding of (004), (200), (105), 
(204) planes are in accordance with the TiO2 anatase 
phase. The XRD pattern of TiO2 film with exhibited peaks 
corresponding to anatase phase indicates the presence of 
stable TiO2 film. 
Graph 1.  XRD curve of TiO2 thin film
Graph 2.  Absorption spectra of different dyes
The overall performance of a DSSC is also dependent 
on the sensitizer which is capable to absorb light. The ab-
sorption of the dye extracted from blackberry, pomegran-
ate and beetroot was investigated using UV-vis spectrom-
etry. Dye was diluted with water before measurement. The 
absorption spectrum of the extracted dye was recorded in 
the visible wavelength range between 500-600 nm with 
a maximum absorption wavelength at 512 nm for pome-
granate, 522 nm for blackberry and 536 nm for beetroot. 
These absorption peaks correspond to anthocyanin. It is 
reported that anthocyanin absorbs in the region between 
500 and 600 nm. So, our result specifies the major compo-
nents of the observed pigments and which is anthocyanin 
[26]. Apart from main peak, one more peak at 480 nm are 
also visible in the beet dye which indicates the presence 
of small amount of chlorophyll.  
DOI: https://doi.org/10.30564/jasr.v2i1.469
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Figure 5.  SEM of (a) TiO2 film (b) TiO2+blackberry (c) 
TiO2+Beet and (c) TiO2+pomgranate
Fig. 5(a) shows an electron micrograph of TiO2 film. 
The TiO2 film had spherical form and distributed almost 
uniformly with particle sizes ranging from 0.2-0.3 μm. 
Figure shows the porous electrode with high specific 
surface area. The surface of photo electrode is very sig-
nificant as the chemical reactions performed mainly on 
the surface of the photocatalyst. TiO2 film was kept into 
the dye. It was expected to observe the changes in surface 
morphology after dye absorption. But there were no sig-
nificant changes were noticed in that case. But these SEM 
micrographs indicate some minimization of holes by ad-
sorbing dye on to the TiO2 nanoparticles.    
Table 1. I-V measurements of DSSC prepared using dif-
ferent dyes 
Voc (V) Isc (mA/cm2) Fill factor (%) Efficiency (%)
Blackberry 0.373 0.892 25.06 0.029
Pomegranate 0.425 0.81 29.44 0.042
Beet route 0.383 0.323 35.11 0.015
The efficiency of DSSC was measured by exposing in 
the sun simulator under the irradiance of the equal sun. Ta-
ble-1 summarize the information about the performance of 
different dyes as sensitizer via the current, voltage, fill fac-
tor and conversion efficiency.  The fill factor of the DSSCs 
is varied from 25 to 35%, The Voc and Isc ranges from 0.373 
to 0.425 V and 0.323 to 0.892 mA/cm2, respectively. The 
cell prepared by using pomegranate dye exhibited the high-
est light to electric energy conversion efficiency of 0.042%.
4. Conclusion
In this work, locally available natural dyes extracted from 
pomegranate, blackberry and beetroot have been used as 
sensitizers in dye sensitized solar cells. The dye solutions 
contain anthocyanin which is a good source of sensitizer. 
Dye molecules adsorbed into TiO2 thin film coated onto 
FTO glass which act as a photoanode. This film was sand-
wiched by carbon coated FTO glass counter electrode. 
DSSC assembling was fulfilled by inserting electrolyte 
in between them. It was found that DSSC prepared with 
pomegranate dye is more efficient than other dyes (where, 
Voc of 0.425 V, Isc of 0.81 mA/cm2 and power conver-
sion efficiency of 0.042%). Natural dyes used in this 
experiment are locally available and solar cell fabrication 
method is easy and cheap also. Due to these reasons these 
dyes which act as sensitizer or light harvesting materials 
could be promising candidate for DSSC.
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